presents a very simplified survey of the postural control system.
To summarize, afferent information from the vestibular, visual and sensorimotor systems converges in multiple areas within the CNS and is important for general equilibrium, body orientation and oculomotor control. Abnormal afferent input from these systems can result in impaired postural control and is thought to underlay symptoms of dizziness or unsteadiness [2] .
Static and dynamic vestibular dysfunction
In a stable condition of impaired vestibular function e.g. after a vestibular neuritis, the labyrinth on one side transmits erroneous signals, but always the same wrong signal to the same movement. The VN complex compensates this loss by adjusting facilitating and inhibitory activity of the contralateral VN complex [13] . This compensation is achieved through repetitions according to Hebb´s principle about neural plasticity "fire together wire together" [14] . Under normal conditions an individual will compensate a stable vestibular hypo-function, even a total loss within three months. If the individual practice vestibular rehabilitation, the normalization will occur even faster. On the other hand, in the same way it is impossible to compensate a dysfunction caused by a benign paroxysmal positional vertigo (BPPV), since the affected side transmits various abnormal signals to the same stimuli, i.e. the movements of the head. The balance dysfunction in a BPPV is dynamic and not a static one. This is probably why their symptoms are ongoing.
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Benign paroxysmal positional vertigo (BPPV)
BPPV is the most frequent cause of vertigo and dizziness. The utriculus and sacculus of the labyrinth contain small calcium carbonate particles, i.e. otoliths. The cilia of the macular hair cells are embedded in this membrane and are displaced by sharing forces applied to the membrane. The shearing forces are produced by linear acceleration, in particular by gravity. If some of these otoliths find their way into a semicircular canal, changes in head position will shift the otoliths and displace the cupula, mostly indirectly by fluid movement. This is different from time to time since the debris moves freely in the semicircular canal. The cupular displacement results in an exaggerated response from the actual labyrinth and a normal one from the contra lateral. BPPV was first described 1921 by Barány [15] and coined 1952 by Dix and Hallpike [16] . The condition is characterized by "…brief attacks of rotatory www.intechopen.com vertigo and concomitant positioning rotatory-linear nystagmus elicit by rapid changes in head position relative to gravity" [3] . According to this statement an individual without rotatory vertigo is considered not to suffer from BPPV. However, as Norré described [17] , and confirmed by the authors that patients with chronic BPPV, i.e. more than 6 months duration, is not always characterized by rotatory vertigo [18] . Diffuse dizziness, vertigo, blurred vision, headache, neck-and widespread musculoskeletal pain, nausea, sleep disturbances, fatigue, cognitive difficulties are symptoms found in patients with chronic BPPV. Many also suffer from tinnitus. They dislike being in certain environments causing peripheral visual disturbances. An example includes busy shopping centers. This clinical picture is also observed in patients who fulfill the criteria of whiplash associated disorders (WAD) [19] and in patients with idiopathic neck disorders [20] .
Thus in the chronic BPPV patient, the VN complex receives perpetual contradictive signals from the different receptors of the labyrinth. As described earlier the VN complex is the origin of the different vestibular reflexes: the vestibulo-ocular reflex, the lateral and medial vestibulo-spinal reflexes as well as the vestibulo-reticular reflex. Further on the VN complex is important in the sensorimotor control system.
The varying contradictive signals through the vestibulo-ocular reflex are the cause of visual disturbances. In addition vision is affected by various systems which all involve the VN complex. This leads to a static orbital muscular contraction in an attempt to secure clear vision which could be the cause of the retro-and periorbital headache.
Due to this mismatch in the signals from the VN complex the extremities-, torso-and neck muscles also go into a static contraction. This is to secure the equilibrium.
Effects of the the sensorimotor system
The human body, with a highly placed centre of gravity, with many adjustable segments on top of each other and a very small support of base, is maladjusted for vertical balance. The advantage with this multisegmental construction allows the equilibrium to maintain in many different positions, also when moving [21] .This amount of information processing is a challenge for the brain. It is therefore easy to comprehend the fact that some people suffer from balance disorders. It is, on the other hand, remarkable that the majority of people do not.
Proprioception can be defined as the sensation of position and movements at joints; the sense of force and effort associated with muscular contraction; or the sensation of perceived timing of muscular contraction [22] . Sensory input from mechanoreceptors in muscles (e.g. muscle spindles) joints and skin is processed by the central nervous system (CNS) to form internal models of body configuration [23] . The CNS uses these models for motor coordination [24] . The cervico-collic reflex (CCR) has inter alia the origin in the gamma muscle spindles in the profound cranio-cervical muscles. Afferent signals of the CCR are transmitted to the important postural control centres, i.e. the mid-cerebellum, the VN complex and the reticular formation. The CCR has a high sensitivity to small stimuli and a lower sensitivity for larger neck rotations, which suggests that muscle spindles rather than joint receptors provide the major input to the CCR [25] [26] [27] . Thus proprioceptive information from the muscle spindles is crucial for optimal motor control. Therefore, it seems reasonable to presume that improper proprioceptive activity would lead to reduced postural control.
To highlight this: due to the very high density of gamma muscle-spindles in the craniocervical joint related deep muscles [28] [29] [30] they are considered to be the most important proprioceptive postural functional units. A reduced postural control generates erroneous head and neck position as well as a disturbed movement pattern. Studies have shown that chronic neck pain patients have a disturbed neuromuscular control [20, 31, 32, 33] . As the discs are the load bearing structure in the lumbar spine, the facet joints takes most of the loads in the cervical spine. Decreased neuromuscular control results in functional joint instability which leads to an insidious pattern of repetitive abnormal loading [34] , which results in pain and articular damage. The BPPV from one labyrinth leads to increased afferent activity and a relative hypo-activity of the opposite labyrinth. This in turn leads to a compensating medial-and lateral vestibulo-spinal activity. It is quite common that a neck disorder caused by a postural mismatch leads to widespread musculoskeletal pain. Chronic BPPV has been observed in patients with frozen shoulder.
Individuals with work-related chronic muscle dysfunction suffer from a mismatch in the gamma-muscle spindle activity. Muscle spindles are considered to be the most important muscle mechanoreceptors for proprioception [35] . Their main functions are to record movements and positions, to be involved in muscle co-ordination and to regulate the nerve mediated muscle stiffness. Studies have shown a close relationship between gamma muscle spindles and chronic inflammation in painful muscle disorders [36, 37] . During muscle contraction different substances are produced in the muscle (e.g. lactic acid, arachidonic acid, bradykinin and serotonin) [36, 37] . Moreover, bradykinin injection into cervical facet joints [38] as well as the temporomandibular joint [39] was shown to affect the stretch sensitivity of the neck muscle spindles. Evidence suggests that the acuity of proprioceptive information from muscle spindle afferents can be impaired by fatigue, inflammation as well as trauma [35] . These items stimulate the chemoreceptors of the muscles [40] , which via the gamma cells in the spinal medulla activate the gamma muscle spindle system. Studies have documented impaired postural control through abnormal head repositioning in patients suffering from chronic neck pain of both traumatic and non-traumatic aetiology [32, 33, [41] [42] [43] .
The gamma cells in the spinal medulla not only activate the gamma muscle spindle system, but they also mediate important postural information to the brain via the central cervical nucleus (CCN) in the middle of the cervical spine [44] [45] [46] . The signals are transmitted to the most important locations for the postural integration and balance, i.e. midcerebellum, the VN complex and the paramedian pontine reticular formation of the brainstem. In individuals with idiopathic neck disorder the proprioceptive input alone is probably not capable of creating a postural mismatch. However, in the presence of a BPPV, a postural mismatch occurs. The integration of various visual and vestibular signals normally occurs in the midcerebellum without any problem. However, in an individual with chronic BPPV and secondarily a dysfunction in the cervical proprioceptive activity, the integration will be disturbed and will provoke dizziness [47] . These patients are under a steady barrage of misleading vestibular and proprioceptive signals from the neck which create continuous compensatory neck muscle tension of varying intensity (via the vestibulo-spinal reflexes, [10, 11] ). This increased muscle tension causes the release of substances such as arachidonic acids and the process is ongoing. Thus, the vicious circle of the equilibrium control system is also responsible for the vicious circle of pain [48] .
Diagnosis
The Dizziness Handicap Inventory (DHI) [49] is validated for individuals with vestibular dysfunction. This tool consists of 25 items that are scored as always (4 points), sometimes (2 points), and never (0 point) for a total score of 100. A score > 60 is related to an increased likelihood of having a fall ( Figure 2 ). Most patients with chronic BPPV have a score beyond 30 [18] .
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Fig. 2. Dizziness Handicap Inventory
The Clinical Test of Sensory Interaction and Balance (CTSIB) [50] is a useful instrument. Standing with eyes closed on an unstable surface is the most challenging part of the test. Dix-Hallpike test [16] is the ordinary clinical test for demonstrating BPPV; however it is not sufficiently sensitive. Even with video-oculoscopy it is difficult to observe delicate discrete nystagmus in patients with chronic BPPV. Moreover, in the chronic conditions dizziness is the dominant symptom, sudden vertigo occurs in only 20 % [18] . In the standard test procedure the patient is positioned and observed during 30 seconds. About 15 % of the subjects have a latency of more than one minute before nystagmus occurs.
The diagnosis BPPV is objectified by demonstrating nystagmus when the patient is positioned in a Dix-Hallpike position or in the first position of a Brandt-Daroff maneuver, i.e., lying down on one side [51] . The nystagmus is registered by video-oculography (Interacoustics A/S, Assens, Denmark) ( Figure 3 ). This technique allows identification of nystagmus occurring intermittently, as well as after a long latency. Each positioning is done in slow motion, and the subject is kept for three minutes in each position. The gravity constituted the acceleration. Otoliths in one SSC give a specific nystagmus pattern. Otoliths in more than one SSC give various nystagmus patterns depending on which SSC is activated and the amount of debris present. The resulting nystagmus is expressed as a vector. Divergence from one-SSC pattern is interpreted as a BPPV with otoliths in more than one SSC. The patient was tested in the Brandt Daroff position for three minutes; no nystagmus was registered when she was lying down, neither in the Dix-Hallpike position. First in the sitting position nystagmus occurred. The illustration demonstrates a sequence after one minute in the sitting position. The intensive nystagmus was ongoing and after three minutes the patient was allowed to gaze to control the dizziness and nausea. The patient is a 35 year old woman with a head and neck trauma ten years back and she has had intermittent symptoms. She has the clinical picture of a long lasting BPPV. Her earlier given diagnosis was phobic postural vertigo. [52, 53] . This test is relevant to perform, if there is a history of neck trauma. The registration is done by binocular videooculography (Interacoustics A/S, Assens, Denmark). This equipment is full digital without any analogue parts. The SPNT test is partly a conventional test of the smooth pursuit eye movement test and partly a test of the proprioceptives of the neck. We used a moving sinusoid stimulus with a maximum velocity of 20 degrees per second. This test has to be performed after at least five minutes of rest without any movement of the head. The test starts with the subject facing the target (a yellow dot on a screen) without turning the head in relation to the torso (neutral position). Six cycles were performed. The torso of the subject was then actively turned away from the screen and kept in a static position at a maximum angle of 45 degrees -or at some angle which did not increase pain, stress and / or discomfort in this position -with the head held in a horizontal position facing the screen. After a short pause, the visual stimulus was again presented. The test was then repeated in the opposite direction. The ability to follow the target is expressed as a gain, i.e. the proportion between the movement of the eyes and the movement of the target. The average gain of each head position in relation to torso and direction of the eye movements were recorded. The test parameter chosen to represent the SPNT test was called the SPNT (diff) is defined by the algorithm:
Video-oculography for Smooth Pursuit Neck Torsion (SPNT) test
Gain R represents the gain of smooth pursuits, tracking a target which moves to the right; gain L represents the corresponding gain to the left.
A positive SPNT test seems to be an expression of a serious neck dysfunction. In our study only 30 % of patients who fulfill the Quebec Task Force criteria of a WAD have a positive SPNT test [54] . If the patient has not rested for five minutes before the start of the test, there is a risk of a false positive test result. This is due to the effects of BPPV.
Treatment

General principle of treatment
A balance disorder is either due to abnormal afferent signals from the periphery or abnormal processing in the CNS. If a balance disorder is static, the central postural control system will compensate and the condition will improve. This is the normal course after a vestibular neuritis, labyrintitis and lacunar brain stem-or cerebellar infarcts. In the opposite situation where the activity of the peripheral balance organ varies from time to time, the central postural control system has limited possibility to compensate. This is a well-known phenomenon in Ménière ´s disease and in BPPV. When the otoliths are displaced from the semicircular canals in BPPV, the signals from the labyrinth will be ameliorated. The more normalized a balance unit can function; the less stabilizing vestibulo-spinal and vestibulo-ocular reflex activity is needed [3] .
A neck with an abnormal movement pattern gives an inappropriate afferent signal activity from the gamma-muscle spindles to the central postural control system primarily via the cervico-collic reflex (CCR) [25] [26] [27] . Static muscle contraction leads to increased pain [35] [36] [37] [38] .
This can lead to a compensating movement pattern. According to Hebb´s principle about neural plasticity the individual lose the correct movement pattern ("use it, or lose it") and change it to a new erroneous one [14] . [55] [56] . The maneuver is carried out in slow motion, opposite the common fast procedure which intends to get benefit from the centrifugal force. It is difficult in a controlled way to move solid elements in liquid. It is more easy and controlled to do it slowly: 1) Relax in long sitting position on an exam table for five minutes to allow the otoliths to settle before repositioning. The otolith repositioning maneuver is performed twice during one treatment session. Only one SSC is treated at a time. A rest in sitting position for at least fifteen minutes after the treatment is needed. Seven to fourteen days between each treatment is recommended. The first night after repositioning the patient should sleep with the head-end elevated 45 degrees. Any kind of treatment which involves fast and uncontrolled movements is dissuaded due to the risk of spreading to other SSCs.
Treatment of BPPV
Modified Epley maneuver for repositioning of otoliths in posterior SSC
It is of uppermost importance that the patient is informed about a substantial risk of a temporary aggravation of all symptoms. This is due to a significant change in the postural control. This is exemplified in a case where all three SSC are involved on one side and the other side is healthy. The brain is partially accustomed to this situation. After otolith repositioning of one SSC the patient has one healthy and two diseased SSCs. This is a complete new situation for the brain; it has no experience of this combination. Therefore, all the vestibular reflexes are activated with all the symptoms. This is a well known experience when debarking after a few days at sea. Normally, this aggravation fades after a week; then www.intechopen.com It is mandatory to know that the treatment of chronic BPPV is much more complicated than treatment of the acute conditions. The acute one is nearly always a question of one SSC. Many of the simple BPPV conditions heal spontaneously. Therefore, BPPV is considered as a harmless disorder. However, many do not heal, but they change their appearance, dramatic vertigo disappears, but a lot of diffuse symptoms develop [18] . These symptoms are the consequence of reflex activity emitted from the VN complex. The VN complex receives contradictive signals from the labyrinths. It is not unusual that patients need various treatment series before improvement. According to our experience, treatment of the anterior SSC is a challenge.
Treatment of the neck
The treatment sessions are of sixty minutes duration and given twice a week. Every session is individualized and only the basic principles will be mentioned.
The more normalized a balance unit can function; the less stabilizing vestibulo-spinal reflex activity is needed [3] . This principle is also used for the neck. A neck with an abnormal movement pattern gives an inappropriate afferent signal activity from the gamma-muscle spindles to the central postural control system primarily via the CCR [25] [26] [27] . Increased muscle tension leads to increased pain, which leads to a compensating movement pattern. Therefore, the primary focus of management is to correct postures and movement patterns that are linked to maintaining the pain disorder. This approach is based on a motor control model whereby the faulty movement pattern or patterns are identified; the components of the movement are isolated and retrained into functional tasks specific to the patients' individual needs [34] . The treatment aims to naturally incorporate a conscious improved movement pattern into the daily life routine. In addition walking exercises outside on natural uneven grounds are recommended.
The Joint position error (JPE) test equipment is used to exercise the kinaesthesia of the neck, as well as the mid-cerebellar integration of central vision and the vestibulo-ocular reflex with neck movements [47] . This exercise is done by using a head-mounted laser pointer. The target is an adjustable wall chart with a horizontal and a vertical line creating a cross in the centre. The patient sits comfortably three meters from the wall chart. Three meters is chosen, rather than 90 cm, as this is more demanding and better exercises the coordination of movement. The laser beam starts at the centre and then followed the horizontal line to the end (44 cm) and back again to the centre. -If the patient experiences an increase of pain and symptoms, either immediately after the treatment or the following day, an adjustment of the treatment program is enforced. Moreover, the patient is on sick leave from work during the period of treatment. Patients are recommended to initially start working 20 % the first month and then steadily increase.
Some studies
Finally, we want to present a couple of abstracts and some results from an unpublished study.
www.intechopen.com
Symptoms and findings in a prospective cohort study of the misinterpreted patient with long lasting benign paroxysmal positional vertigo [18] . Carsten Tjell, MD, PhD, Wenche Iglebekk, P.T.
Introduction Benign paroxysmal positional vertigo (BBPV) is characterized by short attacks of position related rotatory vertigo. Individuals with long lasting dizziness and diffuse symptoms are therefore interpreted as not suffering from BPPV.
Materials and Methods
A consecutive prospective register study was performed. Sixty-nine individuals (26 with whiplash associated disorders, 30 with a history of head / neck trauma, 13 with no history of trauma) fulfilled the eligibility criteria: 1) BPPV confirmed by videooculographic documentation of nystagmus in BPPV relevant positions, 2) and positive responses during otolith repositioning maneuvers, 3) symptoms persisting for a duration of at least six months, 4) normal MRI cerebrum. The subjects answered the Dizziness Handicap Inventory (DHI) and a questionnaire concerning possible symptoms of long lasting BPPV.
Results
The DHI score for all patients was medium high. More than one semicircular canal was engaged in all patients. Dizziness (81 %) is far more common than rotatory vertigo (19 %). The prevalence of various symptoms as well as the symptoms announced and findings observed during the canalith repositioning maneuvers were registered. There were no significant differences between the study groups. Sixty-nine percent were on long term sick leave.
Conclusions
The clinical picture of long lasting BPPV is different from the acute BPPV. Diffuse dizziness, blurred vision, frontal headache, neck pain, nausea, sleep disturbances, cognitive difficulties are symptoms found in this patient group. The findings are nystagmus, periorbital spasm and involuntary movements of neck, torso or extremities. The majority of the patients in this study have been diagnosed with phobic postural vertigo. It also includes patients diagnosed with whiplash associated disorders (WAD) and others who believe they suffer from WAD. The common denominator amongst all these patients is a long lasting BPPV.
Have we been fooled by BPPV when diagnosing WAD? Only a few seem to have a real neck injury [54] . Carsten Tjell, MD, PhD, Wenche Iglebekk, P.T.
Introduction
The similarities between whiplash associated disorders (WAD) and traumatic neck disorders with intermittent symptoms constitute the background for many medico legal conflicts. Many symptoms are common among patients with long lasting benign paroxysmal positional vertigo (BPPV) and patients with WAD. Smooth pursuit neck torsion (SPNT) test has earlier been presented as a diagnostic tool. The aim of this study is to 1) find the prevalence of BPPV in the study groups; 2) to validate the SPNT test as a specific test for diagnosing WAD.
Materials and Methods
A consecutive prospective register study was performed. Patients with long lasting balance disorders are referred to Otoneurology Centre in Southern Norway. These are primarily patients unsuccessfully treated by the public health care. Fiftysix individuals fulfilled the eligibility criteria: 1) neck pain caused by trauma and dizziness persisting for at least six months, 2) normal MRI cerebrum, 3) no severe eye disorders. These patients were allocated in two groups. Twenty-eight patients fulfilled the criteria of WAD and constituted the patient group. Twenty-eight patients with a history of head / neck trauma and intermittent symptoms constituted the control group. Amongst the controls there were patients who believe they suffer from WAD. A healthy control group of twentyfive individuals defined the range of normality. All patients answered the 1) Dizziness Handicap Inventory (DHI), 2) a questionnaire concerning possible symptoms of long lasting BPPV and 3) a visual analogue scale for pain. All subjects underwent an otoneurologic intervention consisting of 1) Clinical Test of Sensory Interaction and Balance (CTSIB), 2) video-oculography for BPPV in Brandt-Daroff as well as Dix-Hallpike position and 3) videooculography for SPNT test.
Results There were no significant group differences concerning the questionnaires and the CTSIB. A BPPV was diagnosed in all patients. More than one semicircular canal was engaged in most patients. The SPNT test was found positive in seven of the patients with WAD and in one of the control group. The sensitivity is found to be 25 % and the specificity is 96 %. The predictive value as positive test is 88 % and as negative test is 56 %.
Conclusions
The investigation shows that BPPV plays a crucial part in WAD. The SPNT test documents a very high specificity. The degree of neck injury probably determines the sensitivity and the predictive values. It is the author´s opinion that the majority of patients diagnosed with WAD in fact suffer from a long lasting BPPV. A minority of these patients suffer from both a BPPV and a neck injury. The SPNT test is most likely an instrument for identifying the real neck injuries amongst the patients with WAD.
A study investigating similarities between patients with idiopathic-and traumatic neck disorders with dizziness
Wenche Iglebekk, P.T., Carsten Tjell, MD, PhD
Abstract
The study entails 1) to investigate if patients without trauma are able to develop a clinical condition similar to WAD; 2) to evaluate the treatment concept. The study was a prospective consecutive cohort series which included 27 patients with idiopathic neck disorder and dizziness (INDD) (all of them suffered from BPPV). A group of 19 patients with whiplash associated disorders (WAD) were chosen as controls. All of these also suffered from BPPV. Both groups showed identical base-line data. All underwent a balance treatment program focusing on ameliorating the afferent signals from the peripheral balance units, i.e., they underwent otolith repositioning maneuvers and neck treatment. Both groups improved significantly and equally. The measurements included: visual analogue scale for pain and various activities of daily living; joint position error test; cervical range of motion; work capacity. The study brings support for the hypothesis that equilibrium plays an important role in WAD and INDD. Moreover, both the INDD and WAD patient groups responded equally and significantly to a balance treatment program focusing on amelioration of malfunction peripheral units of the equilibrium system.
Material and Method
The most complicated patients with balance disorders from three counties with a population of about 400.000 inhabitants are referred to the Centre of Audiology and Neurotology in Arendal in southern Norway. The centre receives about 400 vertigo patients per year. They are all diagnosed by one neurotologist. This study was a prospective consecutive cohort series made up of patients with idiopathic neck disorder and dizziness (INDD). A group of patients with WAD was chosen as controls. The patient group, INDD, included 27 patients (all suffered from BPPV); the control group included 19 patients with WAD (all suffered from BPPV) Table1. 1) The baseline data of the INDD patient and WAD control groups were compared. All patients underwent a balance oriented treatment program.
2) The pre-and post-treatment test results of both groups were compared.
The inclusion criteria for patients with INDD were idiopathic neck pain together with BPPV. The duration of the BPPV was set to at least six months.
The inclusion criteria for patients with WAD were the criteria of the Quebec Task Force [19] together with BPPV. The duration of the disorder was set to at least six months.
The exclusion criteria for this study were: 1) the presence of an asymmetric caloric response; 2) any long lasting positive effect of an earlier treatment -these strict criteria were chosen to ensure that the patients were severe victims of their conditions -; 3) a history of any CNS or psychiatric disorder as well as a serious visual handicap.
Examples of earlier given treatments are stretching, acupuncture, manipulation of the neck, work-out training, exercise in water, sling-exercise therapy, balance training and cognitive therapy.
During the period between March 2007 and September 2008 fifty patients fulfilled the inclusion criteria. They were offered treatment in a private physiotherapy clinic by one physiotherapist. Informed consent was obtained from all patients. Four patients discontinued treatment due to financial reasons (2 subjects) and inability to understand the given instructions (2 subjects).
Treatment
All patients underwent the otolith repositioning maneuvers, followed by treatment for neck and posture control.
Evaluations
The patient´s status was evaluated at the first and last treatment session. The patients´ work ability was evaluated three months after the end of the treatment.
Objective tests
JPE test of the cervical spine. The outcome is a measure of the joint position sense which is the conscious experience of the joint´s position given by the proprioceptive input to the CNS. The same position used for the exercise was used for the test. The laser beam started at the centre and then followed the horizontal line to the end (44 cm) and back again to the centre. The movement was repeated with the eyes closed; where the laser beam stopped is where the patient experienced the centre. This point was manually indicated. Each test was performed only once due to a high level of pain in some of the patients (before start of treatment). The co-ordinates were measured in centimetres on x-and y-axes. The procedure was performed to the right and to the left. Neck range of motion was estimated for CROM (degree of Cervical Range Of Motion) (Performance Attainment Associates, www. spineproducts.com) based on goniometry using the principle of a compass. The following were estimated: Neck resting posture in sitting position was measured as well as flexion, extension, lateral flexion and rotation. The patient was told to stop movement when pain increased. Each movement was performed once. Furthermore, it was observed whether the neck movements were ataxic or smooth.
Subjective tests
Visual analogue scale for pain
The subjects were asked to indicate their average and maximum levels of pain during the last two weeks on a visual analogue scale from 0 to 10, where 0 means no pain and 10 the worst pain imaginable.
Whiplash disability questionnaire [57]
To assess the quality of daily living activities the patients were asked to complete this Australian validated questionnaire, translated into Norwegian. Questions concerning mental status were omitted, since too many of the subjects denied to participate in the study if these questions were included. The following were included: ability to concentrate; degree of fatigue; ability to participate in social living; ability to perform physical activity; quality and length of sleep; capacity of working in and away from home; car driving. The same visual analogue scale was used, where 0 means no influence at all and 10 the greatest impact imaginable.
Dizziness and tinnitus
The experience of dizziness and tinnitus was noted before and after treatment.
Working ability / disablement pension
The subjects were asked about their sick leave status at the first treatment session. Three months after the last session the patients gave a written answer about their post-treatment state. 
Statistical analysis
Baseline results
The baseline results in both groups showed no significant differences. Tables 2A, 3A , 4 and 5A. The INDD group showed a small significant difference (concerning the x-axis, after rotating to the right) in the JPE-test compared to the WAD group. Otherwise the base-line results were identical. Both groups differed significantly from the healthy control group. It was observed that there were no differences in cervical range of motion (CROM) between the INDD group and the WAD group. Before start of treatment all subjects had either an abnormal Romberg or One-leg stand test, or both. The various levels of pain were equal in both groups. The questionnaire results and the degree of sick leave were also alike in the two patients groups.
The post-treatment state
The patients in this study received an average of fourteen treatments. Patients with INDD received fourteen treatments with a range between 5 and 26. The WAD group received thirteen treatments with a range between 8 and 28. The compliance was nearly one hundred percent.
Objective tests
Post-treatment, a significant improvement in the JPE-test was observed in both groups, and variance analysis showed no differences between any of the groups, including the healthy controls. A better co-ordination, e.g. less ataxia of the movement was observed. All positions and movements were tested without any increase in pain. Neck resting posture in sitting. Flexion, extension, lateral flexion to the right respective to the left as well as rotation to the right and left. Lateral symmetry difference between right-and left-sided lateral flexion. Rotator symmetry differences between right-and left-sided rotations. The 25 th and 75 th percentiles are shown in parenthesis. The p-value for pre-and post-treatment differences are shown in brackets; *; **; *** express degrees of significance, i.e. *p<0.05; **p<0.01; ***p< 0.001. p-value indicates the variance analysis of the two patient groups. Table 3 . (A and B) Neck range of motion (in degrees) for the patients with INDD and WAD at the start and at the end of the treatment.
Pretreatment
Post-treatment a significant improvement in CROM was observed in both groups.
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Pain, dizziness, tinnitus and activities of daily living
The level of pain was equal in both groups pre-treatment and decreased equally and significantly during therapy. Pre-treatment, all patients suffered from dizziness and disturbed balance. All improved, among the subjects with INDD 23 out of 27 were free from vertigo and dizziness, four had milder symptoms. After treatment 16 out of the 19 patients with WAD had no dizziness, the rest had milder symptoms. Eleven out of eighteen with INDD and six out of eight patients with WAD had reduced tinnitus. In total three out of all patients had the experience of being cured. All aspects of disability improved significantly, which is confirmed through an increased stable working capability. Nearly all the subjects experienced improved work capacity. Before treatment only two subjects from a total of 27 (i.e. 7 %) with INDD were working more than 50 %. Three had disability pension. Three months post-treatment, 21 out of the 27 persons worked half-time or more. Six of them worked 100 %. This means that 78 % of the INDD patient group worked half-time or more, three months post-treatment. It was observed that fewer subjects in the INDD group than among the patients with WAD reached a 100 % working capacity. Before treatment, two out of nineteen (i.e. 11%) subjects with WAD worked half-time or more. Six individuals had disability pension. Three months post-treatment, 14 out of the 19 persons worked half-time or more. Seven of them worked 100 %. This means that 74 % of the WAD patient group worked half-time or more, three months post-treatment. Three subjects with disability pension went back to work half-time.
